‘; | ‘ GELi;ﬂan Research Associates; Inc,

;
o THE_RELATIONSHIP BETWEEN INDUSTRIAL
J CONCENTRATION RM SIZE, AND
e TECHNOLOGICAL INNOVATION
L
L
B - FINAL REPORT
I | May 11, 1982

" Prepared for:

William K. Scheirer
© o - Office of Economic Research
© o Office of Advocacy
" .« 'Small Business Administration
1441 | Street, N.W.
. . 'Vermont Bldg., Room 1100
. -Washington, D.C. 20416

{202) 6344885

‘Home Office: 100 West Ave,, Jenkintown, PA 19046 » (215) BB4-7500 » Telex: 834653 |
P ' ‘ *Washidgton Cffice: 910 17th St, M.W. Sulte 517 » Washington, DC 20006 ® (202) 2065200

Vo



- TABLE OF CONTENTS

Page
"EXECUTIVE SUMMARY . . . . . . . C e e e e ., j
INTRODUCTION AND FINDINGS
iI. Introduction. . . . . , e e e e e . 1
ITI.  Principal Findings and Policy Implications, . . 5
Interpretation of Findings. ., . .. ... ... 6
ImpTications. . . ., .. ... . .... . ."° 7
LI, Anmalysis, . . . ..., .. ... e e e 8
DATA COLLECTION i
I. Selection of Innovations. . . , ., .. ... .. 12
Collection of the Sample. . . , .. . . . . | 16
II.  Collection of Survey Data . . . .. ... ... 18
IIT. Collection of Industry Data . . . . . . Ve e 26
DATA ANALYSIS
I, Introduction. . . . ., ., ., ... ... .. 29
1.  Findings. , .., ..., .. ... ] .
‘Other Findings, . ., ,.,.... .. """ 45
- APPENDIX A
_ APPENDIX B
APPENDIX ¢
" APPENDIX D
APPENDIX E
Gellman Reseal_'ch Associates, Inc.

Gellman Research Associates, Inc,



LIST OF TABLES AND FIGURES (cont.)

Table - Page
3.12  Mean Times for Activities Between Establishment
of Performance Critaria and Market Introduction . 43

+ 3.13  Distributions of Innovations with Respect to
Concentration Ratio and Partitioned by Source
of Innavation . . . ., . R

3.14  Distribution of Innovation From Small Firms with
: Respect to Industry Capital Stock Per Employes
and Employee @rowth . . . ., . . . .. . . ... 48
3.15  Distribution of Employees of Smail Firms In
Industries Reporting Innovations with Respect
to Industry Capital Stock Per Employee and
Employee Growth”, e e e e e e - e .. 47
3.16  Comparison in Industries with Increasing Emplayment
of the Frequency of Innovation by Small Firms with
the Distribution of Employees with Respect to
Capital Stock Per Employee, ., . ., .. .. ...

- 3.17  Comparison in Industries with Declining Employment
of the Frequency of Innovation by Small Firms with
the Distribution of Employees with Respect to

. Capital Stock Per Employee. . ., . ., . . . eo. .. 48
3.18 Comparison in Industries with Increasing Employment
of the Frequency of Innovation by Large Firms with
the Distribution of Employees with Respect to
apital Stock Per Employee. . . . , .. . .. .. 50
3.19  Comparison in Industries with Declining Employment
' of the Frequency of Innovation by Large Firms with
the Distribution of Employees with Respect to

48

Capital Stock Per Employee, . ., . ., . . .. .. 51

. 3.20  Use of PubTic Funds, . . . . o e e e e 52
~3.21  Business Qwnership . . . . . . . . Ve e e ... B2
3.22  Product Lipe . , .., ., ,..... > °"" .+ . . B
3.23  Product Market Class:. e e e 56
3.24  International Marketing. . . , . . . ... . . 57
 Figure Page
2.1 Innovation Data Form, Part I: Descriptive Data, . 15
2.2 Part II: Detailed Innovation Ristory. . . . ... 19

Gellman Research Associates, Inc.



cXECUTIVE SUMMARY

The process of innovation is a subject of increasing interest
and significance, and it is of speC1a] interest to those seeking to

stimuiate or support 1nnovatfve act1v1ty. In this context, it is

important to understand the relationships that exist between an
‘inhovgtfng unit and the environment in which it operates. The

desire to add to this understanding provided the impetus for initiating

‘the research reported hera.
 This research focused on reiaticnships between an innovating

firm,'and the industry of which it is a member, and innovative performance,

‘,with special emphasis on firm size. Industry characteristics singled
oout for study were concentration, growth, and capital intensity. The
- measures of innovation perfprmance were the frequency of innovation

- and the speed at which innovation occurs.

A1l of the data on innovation performance were collected by

" ‘Getlman Research Associates (GRA) either as part of this study or an

ear11er study commissioned by the National Science Foundation {NSF).

~Unlike many previous studies which empioy proxies for innovative

behavior, such as patented inventions or research and development

{R&D) éxpenditurea, the present effort examines in detail actual

‘ innovations brought to market. A total of 635 innovations were
studied including 45 from the NSF study. To this information was

"-édded'dqta on firm size, concentration, industry growth, and industry

i
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cépitaT intensity from various pubiishet scurces. The data set was

then used to examine various relationships.

The principal findings are:

1.

Ga,

- bb.

small firms produce 2.5 times as many innovations as large
firms, relative to the number of people employed.

Small firms bring their innovations to market faster than
large firms.

Large firms are 2.8 times more likely to be assisted in
innovation by public funds,

Large firms in concentrated industries tend to acquire
more of their inrnovations from other firms than do smaller
companies.

small-firm innovation rates based on employment are below
the small firm average in diffuse industries (Concentration
Ratio < 0.,2) and significantly above average in industries
with 0.2 < CR < 0.4,

In industries where employment is increasing, large firms
in highly concentrated industries (0.6 <CR <1.0) innovate
below the average of large firms in growing industries and
above average for (0.2 < (R < 0.6),

In industries where employment is decreasing, large firms
in less concentrated industries (CR <0.4) innovate above
the average of large firms in declining industries and

below average elsewhers.

ii
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Small and large firms exhibit substantiatly the same distributions

of innovation with respect to concentration ratio, The
intervals 0.2 < CR < 0.6 in indystries with increasing
employment and 0<CR < 0.4 in industries with decreasing
employment are the major producers of innovation.
Innovation performance by small firms is not affected by
capital intensity.

Large firms innovate less in capital-intensive industries

than in industries that are not capital intensive.

- . These principal findings have significant policy implications,

~inctuding the following:

)

The finding that small firms produce significantiy more
innovations than large firms per employee, coupled with
earlier findings that small firms are more efficient in
their use of R&D dollars,* indicates that publié R&D funding
of small technologically-aware firms will be significantly
more cost-effective than the funding of larger firms.

The cost-effectiveness of public funding of small firm R&D
is further enhaﬁced because small firm fnnovations are

brought to market sconer than those of large firms.

Other findings are discussed in detail in the report.

*science Indicators 1976, Report of the National Science Board

L1977, p. 116-1l8.
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. Chapter 1
INTRODUCTION AND FINDINGS

- I. Introduction
The process of industrial innovation is a subject of increasing
interest and significarice, and it is of special interest to those
5eeking to stimuiate or support innovative activity. In this tonnection,
Uit s ﬁmportant to understand the relationships that exist hetween
-an innovating unit and the environment in which it operates. The
+ ~desire to add to this understanding provided the impetus for initiating
:Ithe research reported here.
| The focus of this research is on relationships between an innovating
_firm and the industry of which it s a member and innavation perform-
ance, Special emphasis was given to the role of firm size as it
. affects the propensity of a firm to innovate. Industry character-
dstics singled out for study were concentration, growth, and capital

intensity. The measures of fnnovation performance were the fregquency

- -of innovation and the speed at which innovation oceurs.

Inquiries were also made into how and to what extent public
‘funding enters the innovation process, including the marketing and
- distribution of innovations, and into the sffect of successful innovdtion

on the ownership of an innovating firm.

1
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This study is one of several recent efforts to add to the store

';fp of knowledge and to further understanding of this subject. To the

. _‘extent that the data collection techniques employed are similar, it

is an extension of an earlier National Science Foundation study! of

200 innovations introduced between 1953 and 1973. Unlike many previous

sfudies which employ proxies for innovating behavior, such as patented

. -inventions ar R&D expenditures, the present effort examined in detail

- actual innovations brought to market.

Of the 500 innovations reported in the NSF study, 277 were

1ntfoduced by United States manufacturing firms and, of these, 45
were introduced after 1969. Data on these 45 innovations were combined

. with the data of the present study.

This study examines the effect on innovation performance of the

- Tollowing:

0 1ndustry concentration,

0 industry captial intensity,

0 firm size,

) markets for innovations,

0 public funding of the innovation process,
0 | ownership of innovating firms,

0 the effect of innovation upon ownership, and

o transfer of product innovations abroad.

1Indicators of International Trends in Technological Innovation,

.Washingtan, DCT National Science Foundation, 1976.

2
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These questions were based on previous theoretical and em-
pirical work on the relationships between innovation performance and
.firm and industry characteristics. One theory hypothesizes that

' high1j concentrated industries should be more Willing and able to
undertake the process of innovation, a priori. This may be so if
the process of innavation is costly and/or risky. By using their

market power to attain higher profit levels, firms may be able to

| generate significant internal pools of funds which allow them to

"inyest in relatively risky R&D without having to obtain capital from

‘external sources.

Other theories concerning the beneficial effects of concentra-

' tion on innovations include the following. Companies that are not
rfﬁubjecﬁ te the short-run uncertainties of competition may be more

jwil]ing to commit funds to Tong-range R&D projects. Moreover, monopolistic
" or oligopolistic firms may be better able to internalize the benefits

: From innovation through their more extensive distribution and market1ng

channels Finally, because oligopolists often do hot compete on a

price basis, they may place more emphasis on non-price dimensions of

“‘;competition such as product differentiation and innovation,

On the other hand, it has been hypothesized that firms in competitive

- industries have a greater incentive to innovate precisely because of

 .the competitive nature of the market, (A small firm has more to

gain from innovation.) A corollary to this view is that a high

“A;‘“degree of market power breeds complacency and creates institutional

3
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barriers ta change. This point of view engenders the hypothesis

that firms with considerabie market power will innovate more slowly,

but may ke aggressive followers o imitators of smaller firms once

- the Jatter have completed the innovation process,

o However, any attempt to test the above hypotheses requires that

absolute firm size be distinguished from 1nduétry concentration

(corresponding to some measure of market power). The above hypotheses

' have been cast in terms of industry concentration, but paraliei
érguments can be offered concerning the relationship between absolute
firm size and innovation,

Specifically, it can be argued that large firms are better able
ﬁbﬁfnnovate because of their larger pool of financial resources.
Conversé]y, those who believe that a small firm environment favors
‘ﬁnﬁovation would arque that increasing firm size leads to institutional

finértié, thus slowing the desire to innovate.

Although the arguments concerning absolute firm size and industry
1“ concentration as they relate te innovation are somewhat paraliel, it
‘d shou]d be clear that the hypotheses themselves are gquite distinct.

'  fhus, for example, a result indicating that firms in competitive
;jndustries tend to innovate more than firms in concentrated industries
ﬁbe§ not, by itself, imply a re]at{onship between firm size and
.innovating efficiency.

: Because data on R&D expenditures per employee were not col-
C 1ected‘as part of this study, a direct comparison of innovative

ﬁerformance between small and large firms with respect to R&D expenditures

4
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) Budget?

s pot possib]e On the other hand, a finding that 5ma11 firms

f innovate at a greatar frequency than large firms, based on the number

‘of persons employed, would be consistent with earlier research which
showed that small firms (less than 1,000 employees) produce about &
times as many innovations as large firms per R&D scientist and engineser
and that the cost per R&D Qcientist and engineer is almost twice as
great in firms with over 1,000 empioyees than in firms with Tess

than 1,000 employees.2 A small firm in the present study is defined

as a firm with less than 500 employees.

1. PrﬁncipaT Findings and Policy Implications

The detaziled analyses Jeading to the findings of the study are

'given in Chapter 3. The principal findings are the following:

1. Small firms produce 2.5 times as many innovations as large

firms, relative to the number of people empioyed.

2.. Small firms require less time to take an innovation from

performance specification to market introduction.

3. Large firms are 2.8 times more 1ikely to be assisted in

irngvation by public funds.

4,

Large firms in concentrated industries tend to acquire

more of their innovations from other firms than do small

firms.
5. small-firm innovation rates based on employment are helow
the small firm average in diffuse industries (Concentration

Ratio < 0.2) and significantly above average in industries
with 0.2 < CR < 0.4.

2Small Firms and Federal R&D, 1977, Office of Management and
Gellman Research Asscciates, Inc.
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6b.

In industries where_employment is increasing, Targe firms

in highly concentrated industries innovate below the avarage
of large firms in growing industries (0.6 < CR < 1,0) and
above average for (0.2 < (R 0.6},

In 1ndﬁstr1ES where employment is decreasing, large firms

in less concentrated industries (CR=< 0.4) innovate above the
average of Targe firms in declining industries and below
average elsewhere.

Small and large firms exhibit substantially the same dis-
tributions of innovation with respect to toncentration
ratio. The intervals 0.2 < CR 20.6 in industries with
increasing employment ﬁnd 0 <CR 20.4 in industries with

decreasing employment are the major producers of innovations,

Innovation performance by small firms is not affected by
capital intensity.
Large firms innovate less in capital-intensive industries

than in industries that are not capital intensive.

Interpretation of Findings
One must proceed with caution in attEmbting to draw further

inferences by combining two or more findings. For example, consider

‘the fol Towing figure:

6
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Innovation Performance of Large Firms

- Non-Capital Average
Capital-Intensive Intensive Innovation
Industry Industry Performance
‘: Concentrated Industry ? ? Below
. - Diffuse Industry ? | ? Above
Average Innovation ‘
Performance Below Above

) None of the relationships in the "boxes® shown above were explicitly

tested. However, the resylts labeled "Average Innovation Performance"
Gwere tested. For example, farge firms innovate less in concentrated
indﬁstries than in diffuse industries. This finding, however, cannot
be used to draw a conclusion about the innovation pé;formance of

large firms in either capital-intensive concentrated industries or
non-capital-intensive concentrated industries.

Implications

.The principal findings of the present study have unambiguous

31hp]ications for public policy towards small businesses. First, the
-nfiﬁd%nq that small firms produce significantly more innovations than
’\igrge firms per employee indicates that public R&D funding of small
"techn01091Ca11y-aware firms will be more cost-effective than the
F funding of Targe firms. The public benefits further from the fact
R tﬁét small firms bring their innovations to market sooner than Targe
1  firms. However, the study indicates that Targe firm innovations are

~more likely to be assisted by public funds.

7
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The results of this study support a conclusion that small firms

more than carry their weight in terms of produging innovations and

- therby add to the technological and economic progress of the United

f'%tates Increased public fund1ng of such firms for 1nn0vat1ve activities

ahou?d therefore be encouraged.

.iiI; Ana]xsis

The industries generating the innovations reported in the survey

‘are not homogeneous. Among other things, they vary with respect to
) growth, firm size, concentration, capital intehsity, the age of
. their technological base, and the characteristics of their markets.

*'These variables were used to partition the survey data into subsamples

' \\\_'fpr fufther‘ analysis.

One such partitioning reflects, in an approximate way, the
famf]iar life cycle concept of product and industry develoment, with

its stages of product introduction, market expansion, market stability,

“and'fjhal]y, decline. The criteria for grouping the industries were

formulated in terms of the'changes in the number of establishments

and ‘the number of employees in an industry over 3 specified time

Jinterval.

Four groups, denoted by PI, P2, P3, and P4, were defined. Their

© definitions are given in Table 1.1, together with the number of

. innovating industries in each group and the number of innovations

. produced,

8
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Tablie 1.1

DISTRIBUTION OF INDUSTRIES AND INNOVATIONS WITH RESPECT
TO CHANGES IN NUMBER OF EMPLOYEES AND NUMB ESTABLISHMENTS

- P1: Establishments Increased or Data Not Avaiiabie for 71967
Employment Inereased

Industries: 57
Innovations
small Firms: 121
Large Firms: 207
Unknown: 50

PZ:‘Establishments Increased or Data Not Availahle for 1967
Employment Decreased

Industries: 42
Innovations
Small Firms;: 89
Large Firms: 109
Unknown: 21

P3: Establishments Decreased
 Employment Increasad

Industries: 6
Innovations
Smatll Firms: 2
Large Firms: 7
Unknown : 0

P4: Establishments Decreased
Employment Decreased

Industries: 16
Innovations
Small Firms: 14
Large Firms: 14
Unknown 1

g
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The data for determining changes in the number of estabiishments

s and employment are shown in Appendix C. These data were obtained .

- frem the United States Department of Commerce, Census of Manufactures.

Changes in the number of establishments were developed by comparing
the number of industry establishments in 1972 with those in 1967.

Chenges in employment were obtained by comparing industry employment

© in:1976 with employment in 1967. Where 1967 employment figures were

not availabie (NA), the comparison was made between 1976 and 1972

_\ffgures. Details are given in Chapter 3,

Industries in P1 are growing in terms of both number of establigh-

_ments and employment; typically, these are newer industries in the
-sense that they either employ recently introduced technologies or

compete in new markets, whether or not these markets were created by

or exist independently of the new technology. 1In contrast, industries

in P4 are in decline in terms of both employment and number of establish-

. ments;gtheSe industries typically employ old or developed technologies

and compete in established but declining markets. Industry groups P2

' ‘_‘and P3 are intermediate cases,

One might expect Pl industries to be more innovative than P2,

- P3, or P4 industries. This is illustrated in Table 1.2 which shows

the‘freqeency of innovations produced by industries for which ten or

§ more innovations were reported in the survey. Appendix D provides

. edditiena1 details on the industries in each subsample.

10
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- Chapter 2
DATA COLLECTION

L 1. Selection of Innovations

GRA compiled-a sample of 590 imnovative products in selected

industries. The objectives of the sample selection process were as

follows:

Q. to obtain a sample of innovations which, when combined
with data from the NSF study on 45 1nn0vat1qns introduced
after 1969, would be large enough to permit significant
inferences to be drawn from an analysis of the innovation
Process)

o? Lo represent innovations from the broad spectrum of industries
as measured by concentration, growth rate, and capital
intensity;

© 1o represent adequately innovations introduced by both
Targe and small firms; and |

o] to concentrate on innovations marketed in the U.5. since
1970,

' The sample served to identify a set of innovations for which basic

i-informapion was available and which met the objectives listed above,

The sources of the samplie are the publications Tisted in Table

211. Approximately 43 percent of the sample was selected from among

7,the,award-w1nn1ng innovations described in Industrial Research &

Débg1opment Magazine. The publication spans the period 1970-1979.

12
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Table 2.1

SOURCES S E

$ , Number of Percentage
] Source Publication Innovations of Total
i Automotive Engineering 16 2.7
3 Aviation Week & Space Technology 2 0.3
: . EON Magazine/Electrical Design News 14 2.4
é‘ Engineering Newsrecord 17 2.9
; Food Engineering 32 5.4
| " IEEE Spectrum o 21 3.6
f Industrial Research & Development 252 42.7
3 .. Mechanical Engineering 8 1.4
? < Modern Piastics i 14 2.4
'L& v _"30pt1ca1 Engineering 17 2.9
~ -Product Engineering 72 12.2
Review of Scientific Instruments 44 7.5
Tooling & Production 47 8.0
oL Ward's Auto World 23 3.9
" Dther N 1.9
Lo - Total 590 T00.0 %

13
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Articles and advertisements in the source publications were

. survayed to identify products or processes that had been offered for

" sale in the marketplace and which incorporated some aspect of technical

- ichange. From the reference in the periodical, hasic information

~ ‘about the product was recorded, including a description of the innovation,
:fhe identity of the innovating company, the date of market introduction,

"‘and the source publication. The data form used to record this information

‘is reproduced as Figure 2.1. The process of identifying and selecting
]nnovgtwons for a sample is similar to that used in an earlier study

of {nnovation prepared by Gellman Research Associates, Inc. for the

;National Science Foundation.3

The periodicals surveyed were selected for their coverage of

\'59ven product areas that had been well-represented in the earlier

‘; NSF study. Three areas were chosen from among relatively concentra-

: téd industries, and four from refatively competitive industries, By

':tﬁis procedure, GRA sought to insure that the sample incorporated a
"sﬁfficient number of innovations in each type of industry to support
“inferences about industry structure and jnnovation. The three relatively
-eoncentrated industries were defined by the Standard Industrigl
‘C1ass1f1cat1on4 (SIC) Group Numbers 357 (0Ff1ce, Computing and Accounting

‘-Mach1nes) 371 (Motor Vehicles and Motor Vehicle Equipment); and

3Indicators of International Trends in Technological Inmovation,
Washwngton, DC: National Science Foundation 1975,

o AExecutive Office of the President, Office of Management and
e ‘Budget, Standard Industrial Classification Manual, 1972. Washington,
- 0C: GPO,

14
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- 386 (Photdgraphic Equipment and Supplies). The .four relatively more
competitive industries were defined by 5IC Group Numbers 307 (Miscellaneous
Plastics Products); 354 (Metalworking Machinery and Equipment); 355

‘",} (Spec1a1 Industry Machinery, except MetaTWQrk1ng Machinery); and 383

.(Opt1ca1 Instruments and Lenses).

Gollection of the Sample

" The sample that resulted from this selection process represented
"fé”broader range of products than the seven areas originally chosen
for emphasis. One reason is that products serving an industry come
from a, diversity of sources, including other industries ‘that provide
components and supplies. 1In addition, technologies developed in one
' 1ndustry may be applied to the products of _numerous other jndu@tries.
.‘For«example, many of the innovations in the machine tool industry
involve numerical control equipment based on electronic and computer
technoiogies.
| The range of industries 1ntfoducing innovations reported in the
“&samp]e; including 45 post-1969 innovations from the NSF study, is
shown in Table 2.2. A four- -digit SIC number was assigned to each
. 1nnovat1on on the basis of its characteristics @5 a product. In the
-hypothetical case of a laser alignment device for machine tools, for
\ uexampTP the SIC number assigned would be 3545, which covers machine

- tool accessories. At a fater point in the study, the SIC numbers of

. the industry that first introduced the innovation wou'ld be assigned;

in the cese of 3 Jaser alignment device, it could have been a computer

Lo Ldompany, an electronics firm, or an organization in some other industry.

16
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281
283

284 -

285

286
287
- 289

301
© 307
322

326
327
329
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342
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346

-Table 2.2

DISTRIBUTION OF SAMPLE, BY 3-DIGIT SIC CODE*

SIC

Frequency No.

347
349
352
353
354
355
356
357
358
359
361
362
363
364
363
366
367
369
371
372
373
375
381
382
383
384
385
386
387
395

[y
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Frequency

3
11

39

.
_ Inc?udes &5 post-1969 innevations from NSF study.
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11. Coliection of Survey Data*

| More detailed and accurate information was obtained for a -
"subset of the sample., Beginning with the company identified in
the source publication from the sample, telephone interviewers
attempted to Tocate people familiar with the history of the product,
its deQ&loment, and its marketing. These individuals may have
fpérticipated in the innovation process at any of several stages
v'and, in varijous roles, Occasionally, several individuals contributed
ihférmation about the development of a single innovation. The
‘f telephonhe inguiries, together with mailed questionnaires where

nécessary, proved to be a highly efficient means of Tocating and

1»‘obtain?ng information about the develvpment of a product and the

innovating organization. Typically, this kind of information is
not available from public sources or corporate records.
+ The information sought in the telephone/mat) survey is described

’1n'Part IT of the Innovation Data Form (Figure 2.2)., These data

~ .were obtained for a subsample of innovations. (Firm size information

' was abtained for another 314 innovations. ) The size of the subsamp1e

7 was Timited by the following causes:

‘o0 inability to locate the innovating company or individuals,
0 refusal by a company to participate in the survey, or

0 failure to substantially comp1§te the guestionnaire.

*Excludes 45 NSF innovations.
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The distribution of innovations for the industries represenfed

in the subsample is shown in Table 2.3. It should be noted that .
" Tdble 2.3 includes the 45 NSF innovations. |

Summaries of the survey data for the 206 questionnaires are

"presented in Appendix A. Similar data on the 45 post-1969 NSF

 .innovat1ons are given in Appendix B. The summaries profile the

| résponses to the survey gquestions. In feferring to these data,
it' should be noted that the distributions of time series data are

: given both with respect to the year in which an event (e.g., prototype

deve]oped) occurred and with respect to the elapsed time between

the event and the introduction of the innovation to the market.

In testing a hypothesis; the maximum amount of data available

. for that test was used. Thus, the sample for testing hypotheses

? on the effect of concentration included all innovations for which
firm size was available. Other questions could only be examined
' wifh respect to those innovations for which Part II of the Data

* Form was complete.

 }‘111. Collection of Industry Data

-While the telephone survey provided valuable information for
#ndividua} innovations and firms, it was necessary to obtain additional
\‘ {ndustry-specific data on the number of establishments, employment,
concentfation, and capital intensity. Theée data were needed to
7'1@g§é1op statistical tests on the relationship between innovation

?.béhavior and three industry characteristics: concentration, capital
“intensity and growth.
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_Table £.3

DISTRIBUTION_OF INNOVATLONS BY 3-DIGIT SIC
BASED O MU e Froampesed T SIC CODE

SIC
Frequency No.. Frequency

) 347 3
1 349 4
0 352 0
1 353 4
0 354 a g
0 . 355 6
1 356 )
0 357 24
7 358 0
12 359 0
1 361 Z
? 362 L 4
0 363 : 1
1 364 1
2 365 0
4 366 16
0 367 16
7 369 7
1 371 13
1 372 2
0 373 0
0 375 0
1 381 ©13
1 382 37
0 383
Q0 384 22
0 385, 2
0 386 . B
0 387 0
1 395 0
1
1
1

*
Includes 3 post-1969 innovations from NSF study.
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The measure of concentration used was the 4-firm concentration

" ratio by value of shipments in the 1972 Census of ManufacturesS for

4-digit SIC industry groups.

Capital intensity was defined as gross stocks per employee,

- where agross stocks represent capital assets on hand adjusted for

- . discards of worn-out assets. Data on gross stocks were obtained

“:from the capital stock data base compiled by the Bureau of Labor

© Statistics in the U.S. Department of Labor. These data are available,
‘w%thnfew exceptions, only the 3-digit SIC level; correspondingly, 3«
“digit employment data were.used to CaICQTate capital.intensity.

,IA’Erowth Rate for each 4-digit industry was defined as:

‘Annual Growth Rate = (1976 Empicyment) - {1967 Employment)
9.0 x (1967 Employment)

In industries where 1967 employment data were unavailable, 1972

. employment was used instead,” and the comparable estimate is:

Annual Growth Rate = {1976 Cmployment) - (1972 Employment)
4.0 x (1972 tmpioyment)

. The data on establishments, employment, concentration, capital

.ihtensity, and growth are given in Appendix (. Bata on establishment

_Iémpioyment by size of owning company are given in Appendix E.

- BU.5. Department of Commerce, Bureau of the Census, 1972 Census
.~ of Manufacture, Vol. 1, Subject and Speciail Statistics, Table 4.
. Washington, DC: GPO, 1976.
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- Chapter 3
DATA ANALYSIS

""  I.. Introduction

The industries generating the innovations reported in the survey
‘are not’ homogeneous. They vary with respect to growth, firm size,
"conCEntration, capital intensity, the age of their technological
i-base, and the characteristics of their markets. These variables
‘ :;were used to partition the sample into subsamples for further analysis.
Qf the 121 industries represented in the survey, 70 industries
showed ém increase in the number of establishments from 1967 to
| | " lQ?E, 22 showed & declinc in the number of establishments and 29 did
‘?';not'havé data available on the number of establishments for 1967,
‘Four indusiry groupings- denoted by Fl, P2, P3, and P4, were
defined as follows:

'o . Pl--Establishments increased or data not available for 1967
Employment increased

a P2--Establishments increased or data not available for 1967
Employment decreased

Q P3--Establishments decreased
Employment increased

'0 ' P4--Establishments decreased
Employment decreased

Table 3.1 shaws the number of industries and the distribution
- of . innovations by firm size within P1, P2, P3, and P4. Tables 3.2
| aﬁd 3.3 show the distribution of innovations and employment in P1,

- “ Pe, F"\B, and P4 with respect to concentration ratio and firm size.

29
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Table 3,1

DISTRIBUTION OF INDUSTRIES AND INNOVATIONS IN
THE SUBSAMPLES 71, PZ, P3, AND 7

Pl: Industries 57
Innovations
small Firms 121
Large Firms 207
Unknown 50
P2: Industries 42
Innovations '
Smail Firms ST ‘89
Large Firms 109
Unknown a1
P3: Industries 6
Innovations
5mall Firms 2
Large Firms 7
Unknown
P4: Industries 16
Innovations
Smail Firms ) 14
Large Firms 14
Unknown 1
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Tahle 3-2

DISTRIBUTION NF INNOVATIONS AND
EMPLOYMENT WITH RESPEGT TO
CONCENTRATION RATIQ FOR SMALL FIRMS*

I INNOVATIONS

.7 Concentration © Subsample
S Ratio - . - P1 o P2 - _P3 P4 Total
© .0< CR < 0.2 17 31 1 0 49
. 0.2 < CR < 0.4 . 46 0 11 98
0.4 ¢ CR <.0.6 56 13 67
0.6« CR £0.8 7 0 0 9
0.8 <« CR < 1.0 0 0 0 3
| 121 89 2 14 226

EMPLOYMENT (1000) ’

boncjént’ration Subsample
" _ Ratio . PI p2 P3 P4 Total
© 0 <CR<0.2 421 160 15 - 596
 0,2°<CR < 0.4 153 13 13 145 - 445
0,4 < CR < 0.6 , 167 76 4 17 258
.0:6 < CR-2 0.8 78 4 - 10 92
< 1.0 3 4 1 0 8

—_—_—— e e e———

. 0.8 < CR |
: 816 378 33 172 1399

; "";Imdudes 45 N5F cases
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Tahle 3.3

DISTRIBUTION OF INNOVATIONS AND
EMPLOYMENT WITH RESPECT 10
CONCENTRATION FOR LARGE FIRMS*

' INNOVATIONS
Concentration _ _ Subsample
© _.Ratio : P1 P2 P3 P4 Total
0 xCR<0.2 21 &2 0 0 62
. 0.2°< (R z0.4 76 43 17 125
0.4 < CR o< 0.6 g2 17 5 0 104
. .0.6 < CR 2 0.8 29 4 0 5 38,
- 9.8 < R < 1,0 ] 3] 2 7
' | 207 109 7 14 337
EMPLOYMENT (1000)
" Concéntration | Subsampile
. Ratio, P1 P2 P3 P4 Total
.02 CR £.0.2 379 418 43 - 840
025 CR < 0.4 389 433 133 212 1167
D4 < CR< 0.6 791 827 39 73 1730
0.6 < CR 2 0.6 giz 29 - 46 887
. 0.8 <CR<1.0 337 162 4 8 511

2708  186¢ 219 339 5135 |

. *IncTudes 45 NSF cases

32

Gellman Research Associates, Inc,



Tables 3.4 through 3.7 compare the distribution -of -innovations
.with the distribution of employment with respect to concentration
“ratio for small and large firms in subsamples P1 and P2. In testing
for a concentration ratio (CR) effect, the null hypothesis is that
fherelis no effect and that innovation is directly proportional

" to-employment.

II. Findings

l.a Within P1, the frequency of innovation by small firms -

in very diffuse industries (0 <CR <0.2) 95 well below the average

~“rate per employee for all small firms in Pl, and the frequency

of innovation in slightly and moderately concentrated industries. .

(0.2 <CR <0.6) is greatly in excess of the average rate per employee.

1.b Within P2, small firms in very diffuse industries (0= CR=0.2)

and in moderately concentrated industries ( 0.4+« CR=0.6) innovate

| --Jess than the average rate per employee for all small firms in p2.

Firms with concentration ratios in the interval 0.2< CR= 0.4 tend

. to innovate above the average rate per employee.

2.a Within P1, large firms tend to innovate above the average

 rate (per employee for all large firms in P1) with slight and moderate

. toncentration (0.2< (R<0.6) and below the average rate in the

JApper range of 0.6< (R< 1.0,
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Table 3-4

COMPARISON OF THE DISTRIBUTION OF INNOVATIONS
WITH THE DISTRIBUTION OF EMPLOYEES WITH RESPECT
T0 CONC TICN RATIO FOR SMALL s IN Pl

Concentration

0.8

____Ratio Innevations Employment (1000)
£ % £ %
0 < ¢cpz 0.2 17 14 421 52
0.2 < CR < 0.4 41 34 153 19
0.4 < CR < 0.6 56 46 161 20
0.6 < CR < 0.8 7 6 78 10
< CR < 1.0 0 0 3 R
121 816

xz = 93

DF* = 3

-S4g. Level: 1%

: *Degrees of freedom equals 3 as the result of cgmb{ning the
intervals 0.6 < CR = 0.8 and 0.8 < CR < 1.0 for the x* test.
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Table 3-5

COMPARISON OF THE DISTRIBUTION OF INNUVATIONS
WITH THE DISTRIBUTION OF EMPLOYEES WITH RESPECT

T0_CONCENTRATION RATIU FOR SWALL FIRWMS IN P2

Concentration _ ‘
Ratio Tnnovations EmpTloyment (1000)
f F] ki %
0 <CR<0.2 3 35 160 -4
~ 0.2'= CR < 0.4 46 52 134 35
0.4 < CR < 0.6 7 8 76 20
0.6 < CR < 0.8 2 2 4 1
0.8 < CR< 1.0 3 3 _4 1
89 378
2. 2
‘D F.o* = 3

- Sig. Level: 1%

. *The intervals 0.6 < CR 0.8 and 0.8 < CR < 1.0 wera combined for
the x2 test,
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Table 3-6

COMPARISON OF THE DISTRIBUTION OF INNOVATIONS

WITH THE DISTRIBUTION OF EMPLOYFES WITH RESPECT
TO _CONCENTRATION RATIO FOR LARGE FIRMS IN PI

Concentration

Ratio Innovations Employment (1000)

. f % f %

| 0 < CR < 0.2 21 10 379 14

02 <R <04 h 36 389 14

0.4 < (R < 0.6 82 40 791 2

0.6 < CR < 0.8 .29 14 812 30

0.8 < CR < 1.0% B 0 337 12

: 207 2708

_ 5x% =114
DF* = 3
sL = 1

*The intervals 0.6 < CR < 0.8 and 0.8 < CR = 1.0 were combined
for the x? test. :

6
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Table 3-7

COMPARISON OF THE DISTRIBUTION QF INNDVATIGNS
WIIK iHE DISTRIBUTION OF EMPLOYEES WITH RESPECT
- J0 CONCENTRATION RATIG FOR LARGE FIRMS IN P2

- Concentration ,
. ‘Ratio Innovations Employment (1000)
£ % I b4
. 0 =CR=0.2 42 39 418 22
- 0.2<CR <0.4 43 39 433 23
.7 0.4 < CR < 0.6 .17 16 827 44
0.6 < CR < 0.8 4 A 29
0.8 < CR < LC* 3 3 162
’ 109 1869
xe = 47
D.F.* =3

. Sig.. Level: 1%

*The21nterva]s 0.6 < CR < 0.8 and 0.8 = CR < 1.0 were combined
for the ¥* test.
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2.b Within P2, the irnovation performance of large firms is

stmilar to that noted in .PJ but shifted toward the lower concentration
 ratios. The frequency of innovation fs abave average ar she To end (0 %R
<0.4) and below average for moderate concentration (0.4<(CR <0.6),

3. Small and large firms exhibit substantially the same distributions
qu‘innuvations with respect to concentration ratic in both Pl and P2
(fébTe 3.8). The interval 0.2 < CR < 0.6 in P1 and the interval 0 <

CR < 0.4 in P2 are the major producers of innovations.

4,  The number of innovations per million employees in industries

with growing employment differs significantly from that in industries

with declining employment. For small firms the rates are respectively

145 arid 187 innovations per millien employees. The corresponding

rates for large firms are 73 and 56 innovations per million employees.

The average rate taken .aver all small firms is 167 innovations per

million. For large firms the rate is 66 per million.

5. Small firms produce significantly more innovations than
large firms per employee. See Tables 3.9 and 3.10, Overall, small

Firms produce 2.5 times as many innovations per employee as large

firms.
6. The distributions of innovations by small and large firms
were combared with respect to the following time variables measyured

from the year of market introduction:

T¢riT ~ Year performance criteria established
TENG - Year-pre11minary design finalized
- TproTg - Year prototype developed
‘_TPROD - Year of first production |
' 38
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Table 3-8

COMPARISON OF THE DISTRIBUTION OF INNOVATIONS
WITH RESPECT TO CONCENTRATION RATIO-AND-FIRM-SIZE -

INNOVATIONS
Concentration P1 P2
Ratio Firm Size Firm Size
Small Large Small Large
. 0 <CR=0.2 17 21 31 42
T 0.2 ¢ CR<0.4 n 74 46 43
0.4 < CR < 0.6 56 82 7 17
0.6 < CR < 0.8 | B T 4
0.8<CR<1.0 _0 A 3 _3
‘ : By 207 89 109
X*= 7.0 X% = 4.3
OF* = 3 DF* = 3
SL: 10% SL: NS

T ¥ Combined the intervals 0.6 < CR < 0.8 and 0.8 < (R < 1.0.
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Table 3-9

COMPARISON QT -THE -FRL U”NCY OF - INNGVATIQN BE?NE“N
SMALL AND LAR IRMS IN INDUSTRIES FOR WHICH T
NUMBER OF ESTABLISHMENTS INCREASED
ND_EMPLOYMENT INCREASED (P

‘ Industry Employment
Innovations ' {1000)

Small Firms 121 B16
"Laréé Firms 207 2708
;x..? = 35
p.F. =1
8ig. Level: 1%
Table 3-10

COMPARISON OF THE FREQUENCY OF INNOVATION BETWEEN
SMALL AND LARGE FIRMS IN INDUSTRIES FOR WHICH THE
NUMBER OF ESTABLISHMENTS INCREASED

AND EMPLOYMENT DECREASED (PZ2)

Industry Employment

, Innovations (1000)
small Firms 89 378
Large Firms 109 1869
X2 = 112
B.F. =1

Sig. Level: 1%

40
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The distributions of these variables are given in Table 3.11.

Ana]ys1s of these d1str1but1ons indicates that small f1rms tend

'to br1ng the1r 1nnovat10ns to market sooner than 1arge f1rms

~The mean time from the establishment of performance criteria to

' 'hafket introduction is 2.22 years for small firms and 3.05 years for

large firms.

Table 3.12 shows that, on average, small firms take less time

to carry out each of the several activities on the path from the

'.eétablishment of performance criteria to market introduction.

?. Table 3.3 shows a frequency distribution with respect to

concentration ratio of innovations introduced by large firms. 1In

. the concentration ratio range 0 < CR < 0.4, 20 percent of the innovations |

| were acquired from outside the firm. In the interval 0.6 <CR <

- 1.0, 34 percent were acquired from outside. This difference is

“ ‘ ‘significant at the 10 percent level and tends to support the hypothesis

i

that a greater proportion of the innovations introduced by large

« firms in concentrated industries is acquired from outside the firm

‘than is the case for large firms operating in less concentrated

" industries.

The corresponding hypothesis for small firms is not supported

by the data. In the interval 0 < CR = 0.4, 23 percent (8 of 35) of

the innovations were acquired from outside small firms. In the

. interval 0.06 < CR < 1.0, 17 percent (I of 6) were acquired from

T outside.

4%
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Table 212

" MEAN TIMES FOR ACTIVITIES BETWEEN ESTABLISHMENT OF PERFORMANCE
' CRITERTA AND MARKET INTRODUCTION

Mean Time To: small Firms Large Firms
- " Engineer Product 0. 69 years 0.99 years
'Devéiop Prototypes 0.18 0.39
Fstablish Production 1.17 "1.38
Sales Start Up 0.18 0.31
_Mean Time from Establishment of
“Performance Criteria to Market 2,22 years '3.0b years

Introduction
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Table 3.13

DISTRIBUTIONS OF INNOVATIONS WITH RESPECT.
TO CONCENTRATION RATIO AND PARTITIONED BY
SQURCE_OF._INNOVATION®

Small Firms Large Firms
E o Innovations Innovations
“Concentration Total Acquired Total Acauired
. Ratig Innovations From Qutside Innovations ‘From Qutside
0= CR < 0.2 14 3 3% 5
0.2 <'CR < 0.4 21 5 65 15
04 < CR < 0.6 30 10 49 14
0.6 <(R<0.8 5 1 25 9
0:8 < CR < 1.0 1 0 _4 1
71 19 177 s .. 44
. *Includes 45 NSF cases
. 44
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8. Table 3.14 shows the distributions of innovations for small
" fipms with respect to a measure of industry capital intemsity (capital
:étocks per employee) and a measure of industry growth (annua} emp1oyﬁent
Jgrowth rate).

fab]e 3.15 shows the distribution of employees among smail
firms in industries generating innovations reported in the survey,
‘with fespect to industry c;pita] stocks per employee and industry
| employment growth rate.
Tables 3.14 and 3.15 are the basis for testing the hypothesis
‘_;that the frequency of small firm immovation is independent of industry
capital intensity. Table 3.16 compares the distribution of innovations
jn:smé11 firms in industries for which total empioyment increased

with the distribution of small firm employees in the same industries,

" Table 3.17 does the same for industries with decreasing total employment.

The data indicate that the freguency of innovation by small firms is

not affected by industry capital infensity.

Tables 3.18 and 3.19 show a different pattern for large firms.
' Hfhe frequency of innovation by large firms appears to be related to

‘ .the capital intensiveness of its industry. Large firms in the more

Lgapita1~1ntensive industries tend to be significantly less innovative

‘than large firms in less capital-intensive industries.

Qther Findings

9. Table 3.20 indicates that Jarge firms recejve more freguent

publi¢ funding for innovation-related purposes than do small firms.

‘It also shows that small and large firms apply publit funds to the
-same purposes with substantially the same freguencies.

45
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Tabie 3.14

DISTRIBUTION OF INNOVATIONS* FROM SMALL
FIRMS WITH RESPECT TO INDUSTRY CAFITAL

STOCK PER EMPLOYEE (S), AND EMPLOYEE GROWTH (@)

. ‘Fmpioyee

Growth - Capital Stock Per Employee ($1000)

' S < 10 10 < § =15 15 < 8 « 20 20 < §
. <0 5 52 37 0
0«G 5 79 | 22 12

*Excludes 45 NSF cases.
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Table 3.18

COMPARISON IN, INDUSTRIES WITH INCREASING EMPLOYMENT
OF THE FREQUENCY OF INNOVATION BY SMALL FIRMS WITH
THE DISTRIBUTION OF EMPLOYEES WITH RESPECT TO

CAPTTAL STOCK PER EMPLOYEE*

"5+ Capital Stock Distribution of

. per Employee Distribution of Employeas
: 1,000} Innovations {1,000)
15 < § = 20 22 113
- s 12 47
118 538
x? = 0,61
DF = 2
SL: NS

*Excludes 45 NSF cases,

48
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Table 3.17

COMPARTSON IN INDUSTRIES WITH DECLINING EMPLOVMENT
OF THE FREQUENCY OF INNQVATION BY SMALL FIRMS
- WITH THE DISTRIBUTION OF EMPLOYEES WITH RESPECT TO
CAPITAL STOCK PER EMPLOYEE™ . -

-S5i Capital Stock Distribution of

. per Employee Distribution of Employees
L (51,000) Innovations (1,000)
) i 10 5 44
10 < S < 15 52 ' 204
15 < § < 20 37 152
- - 20 < § -9 __ 36
| 103. 436
x2 = 3.16
DF = 3
SL: NS

*Excludes 45 NSF cases.

4G
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Table 3.18

COMPARISON. IN INDUSTRIES WITH INCREASING EMPLOYMENT
OF THE FREQUENCY CGF INNOVATICON BY LARGE FIRMS WITH
THE DISTRIBUTION OF EMPLOYEES WITH RESPECT TO
CAPITAL STOCK PER EMPLOYEE*

- S: Capital Stock ' Distribution of
" " per Employee Distribution of Erployees -
. (%1,000) Innovations (1,c00)
s s10 e 141
10 <5 <15 112 . 83
15 < § < 20 0 834
< 36 | 730
186 2,604
xZ = 68
DF = 3
sk: 1%

*Excludes 45 NSF cases.
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‘ Was. technolo.y d&Veloped by R&D?

No

VYas

5L

No

Yesg

5L

'No‘

.Yes

SL

£ ltn

6&

Table 3.70

USE QF PUBLIC FUNDS

(DF = 1 for all cases)

Were public funds used?

L s L
8 62 145
168 4 30
0.003 3.98
NS 5%

APPLICATION OF PUBLIC FUNDING

Basic Applied :
Research Research Development Engineering
2 L 5 L s L sk
2 16 2 7 1 5 2 13
2 13 2 22 3 25 2 17
0. 04 0.24 - 0.08 0.08
NS NS NS NS
Disfribution and
Production Marketing __Other
s L s L s L
3 19 £ 26 4 27
1 10 0 3 0 2
0.04 0.06 0.09
NS NS NS
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10. Table 3.21.1nd1cates that most small firms reporting innovations

were closely held (78 percent) at the time the innovation was_introduced

‘2nd that V7, percent.of the small firms changed their form of cwnership

 following introduction of an innovation.

11. Table 3.22 shows that at the time of market introduction,

ah innovation ﬁs'more Tikely ‘to be a firm's only product if the firm

4s small than if a firm is large. It also shows that the inneovations

of small firms are more likely to initiate a broad line of new products.

TabTe 3.23 shows that the percentage of small firm innovations introduced

into consumer markets and government markets is greater than that of

Targe firms and that a greater percentage of large firm innovations

are for internal users,.

12. Table 3.24 indicates that a greater percentage of small

firms tend to also sell their product abroad after intreduction.

53
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Has ownership form changed?
5

53
11

No

Yes

.x2

SL
OF

BUSINESS OWNERSHIP

Table 3.21

Previous form of ownership

Closely Held
Pgb1ic1y Held
\X

5L

DF

S

53
15

e~

133

10.88
1%
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Al

Table 3.24

INTERNATIONAL MARKETING

Was product first sold abroad?

s L
No 60 122
Yes 5 11
2 0.02

sL NS

0F - ' :

Was product sold abroad after U.5. introduction?

s L
No 6 28
Yes ' 58 106
)(? - 3.27
SL . 10%
DF ; 1
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Appendix A

SBA SURVEY DATA
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SPES BATCE SYSTEM .
FILE SPa2 (CREATICH CATE =
YEAR LA YEBF FLRFCMANCE CF
CATEGCRY LALEL CCDE
-1.
-6,
-5.
-4,
-3.
-2.
-1.
99.
TCTAL
YALID EASES EE

Lasz20/80}

ABSOLUTE
FFEQ

1

12

i0fz21 /80 PAGE

30

SMALL QUSINESS ADMINISTRATION STUDY--COMPLETED CASES

ERTA ESTABL ISREL

FELAT LVE
FFEL
{PLT

1i.1
13.3
17.8
13.3

2E.T

ADJUSTED
FPEQ
{PLT)

1.0
12.1

9.1
152
18.2
242
168.2

RISSIHNG

5%

HISSING CASES

12

100.0

Loo.a

CLIM
FREQ
(PLT)

3.0

15.2

25,2 -
3% s
5T.6
Bl.
L06. 0
10G.0



S85S PATCE EYSILF 10721480 PAGE 31

FILE 5842 (CREATIGH CATE = 107207803  STMALL BUSINESS ADMINLSTRATION STUDY-~COMPLETED CASES
YEAPLE YEAR PFELIAINARY ERG'G GESIGNS FINALIZEC
PELATIVE ADJUSTED  CUM -
ABSULUTE  FREQ FREQ FRE G

CATEGOPY LAEEL CCOE  FREQ (PCt} LPCTS  IRCT

-5. ) 4.4 8.7 Ba ¥

-5, 3 EoT 13.0 21.7

-3. 3 6. T 13.0 39,8

-2, 1 15.6 30,4 £5.2

-1. g 17.8 4.8  LO0.O

59. 2z 50,9 MISSINL  1UC.0

TCTAL 45 100.0 100.0

WALTD CASES 23 MISSING CASES 22




SPSS MATCH SYSILF R .
rLe  sesz (CRTATIGN CATE = L0/20/E0)
YEAFIC  YEAF FKGIOTYPE CEVELGPED
ARSCLLTE
CATLGORY LABEL CGDE  FREQ
-4 2
-3. 4
-2. 11
-1- 5
0. 6
1. 2
R 11
TCTAL 45
vALID CASES 15 FISSING CASES

11

igf g T PARE

SMALL BUSIHESS AUMIRISTRATION STUDY--{OMPLETED CASES

PELATIVE
FRED
LPLTY
4.k
E.9

9.4

244

160G.0

ADJUSTED
FPEC
(PCTF}

5.5
LL.&
A2 h
26.5
L7.6

5.5

MIZSING

107.0

[M1],]
EREL
EPLT)
5.9
17.5
50,0 .
S
94, )

LO0.

luv. g

32



S5P55 BATCH SYSTEM BS21 /B0 PAGE
FILE Suaz ICREATICN [ATE = LOQFZ207801} SFALL BUSTRESS AUMIMISTRATION STUDY--COMPLETED CASES ’
YFAR 2B YEAF CCW'YT FEGULATICN MET

FELATIVE ROJUSTED LUK

ADSOLUTE  FFEC FREQ FREQ
CATLGOFY LAREL CCDE  FREQ (eCT) [PCTi  (PCTH
-8. 1 2.2 16,7 16. T
0. 5 1.1 3.3 100.0 )
59. 35 86.7  MISSING  100.U
TCTAL 45 106.¢  100.0
VALID CASES 6 MISSING CASES 39 )

33



5P b

FILE SHA2

ICH SYS1EH

{CPEATICHN CATE = 1052075801

SMELL RUSIKESS ADRINTSTRATION STUDY--COMPLETED CASES

YEARZL YEAR CF FIEST CPDER-CENTRACT-CEL IVERY

CATEGGRY LABEL

VALIC CASES

24

ABSCLUTE
CCDE FREG
-1« 5
[+ L9
59. 21
TCTAL IIIHMI

RISEING LASES

PELATIVE ADJUSTED

FREQ FOEG
(PFCT} (FCT)
1l.1 20.8
42.2 15.2

6. T KISSI[HG

100.40 100.0

21

CuK
FREG
(PLTI
20.8

100.0

1od. @

LGF2L 490

PAGE

34




SP55 PAATCH SYSTER

F1LE SEAZ [CREATICN CATE = 105204801

YEARZE YEAP CF SALES PRCMCTIGR CAMFAIGH

FELATIVE
AHSCLUTE FFCC
CATLGDRY LABEL LCDE FREQ [PLCTH

~1. 4 8.9
0. 4 B.9

59. 3t 82.2

1049.0

TOTAL 45

WALID CASEE & MIESING CASES 37

IMalL BUSIRESS AUMINISTRATIUN

RDJUSTLED
FFED
1PCTH

50.0
50 .0
FISSTRG

100.0

CuH
FREQ
(PLTE
S4.0

100.0

100.0

LOS2L 00

STUDY-—COMPLE™ ED CASES




5PES EBATLH EYSTEF

FiLE S59A2

YEAF 2F YEAP CF FIT 51

CATEGCPY LABEL

YalLln CASES 5

LCREATIGN CATE =

SALES

CLIE
0.
L.
99,

TCTAL

107207 80)

ABSOLUTE
FRER

CFRALL BUSINESS ADMIN

RELATIVE ADJUSTED
FFEC FFER
1PLTI IPCTE

17.8 d48.9

MNISEIRG CASES

Ls 2L Fu0

[STRATION STUDY-—COMPLETED CASES : -

LUK :
FREQ : ’ i
LPLTE

88. 5

1 2.2 1.1 1300 )
36 ge.o HISSING  LO0.0
45 100.4 100.0 . .
T .
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{10}

i1} 4] (N ’ {1} (5] {6} {7} {83 (%) i1} 1z} -
Tokal Gross Capital .
Total Himber of Hunber af Kubar of Tatat Total Total Stocks Intenmsiby .
fenv-Bigit Mesber of  Employecs/Small  Employees/large fnplayees Mumber of Hunber of Hunber of Four-Firm 1972 Ratio Annual Annual
S1¢C Number Employees EIstablishoments  Establishments 1972 Enpluyees Establish- Estahifsh- Concentration I-frigit 19%2 Growkh Growth
1947 Ya6T 1972 1972 (2)+(3} 1976 ments ments Ratio SIC.  3DHg.SIC Rate Rake
{000} (000t [Gooj (000} (000} 1967 1972 1972 fmilfions) (000} 1967-1976 §872-1376
2052 42.5 16.1 26.0 4]1.1 41.40 348 3i% 53 $ 3,0M5.9 i1.2 -.004 -
7221 108.6 462 103.5 149.7 161.1 50§ 112 39 1,553.4 3.0 R -
2295 17.5 115 6.4 1.0 17.1 178 203 35 1,200.9 5.2 -.003 -
2439 MA mﬂ.Mm 5.8, 63.0 66.7 L 3,133 18 1,140.1 12_0 - 015
2515 .z 23.9 5.7 316 5.8 1,013 ar7 24 2.,062.5 5.7 -.0119 -
2661 11.7 6.8 4.8 11.6 2.4 a4 92 52 326.48 28.2 -.022 -
2019 T 26.0 K 63.B T.6 HA ng 34 m.mum.m_u 21.9 - .04z
2821 HA 270 27.8 54.8 56,2 Hi 323 27 p.mmw.aa 831.6 - 005
2pz2 12.6 14 7.4 11.8 10.46 18 59 62 az3.8 .2 -.018 -
2E24 57.2 iz 731 76.3 69.3 40 61 74 10,761.8 £9.3 .024 -
2241 30.3 18.3 13,2 1.5 22.8 133 642 62 2,301.8 19.3 -.0o2 -
2851 Bh. ¥ 60.1 ' 5.9 65.9 60.4 1,701 1,599 22 1,202.3 17.1 -.010 -
2869 95,1 312 0.5 101.7 109.3 RA G14 43 14,074 .4 103.5 017 -
ZEIG MA 8.1 4.1 12.2 15.4 KA 388 1! 4,144 .8 79.4 - 66
2891 KA 14.2° A Y “14.9 14.3 nA 463 1% 2,38.5 28.5 - -.010
2832 32.8 6.7 12.2 18.9 11.8 L F P 67 2,380.5 2B.5 -.071 -
2809 i} 1.6 5.8 3.1 36.6 Ra 1,606 16 2,380.5 28.5 - -.003
2911 106.7 35.5 65.3 100.8 101.7 437 323 i1 21,827.5 142.4 - .5 -
ol - 92.7 10.0 97.5 1075 103.9 182 206 73 3,461.3
Kl A 296.8 50.2 3469 ars.2 A ¥,698 8 4,873.6
areg 42.5 13.6 32.3 £5.9 43.6 185 252 6B 2,654.9
3964 —----33.8- - - BBeo-ocee.o .. BB 138 _ 113 78 ... B3 ) uE.wu
381 156 15.0, 0.0 15.0 15.2 a1l 908 18 D T - Tt
3291 21.2 15.2 .52 24.5 24.7 361 392 19 7,498.5
3293 HA 17.6 10.1 1.7 276 HA 374 27 2,498.5
3299 5.3 m.mw Q._n_w 6.3 7.8 330 4491 28 Z2,498.5
297 9.9 B 6.8 i.3 8.1 a.¢ 92 a0 i3 Z,598.5
a = Yalue interpolated from availabie data.
b -

= Yaloe represents gross stocks at the §-digit SIC Tevel.
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Appendix D

INNOVATING INDUSTRIES

Gellman Research Assoclates. Inc.,



. TNNQVATING INDUSTRIES IN P1:
ESTABLISHMENTS INCREASED - EMPLOYMENT INCREASED

. 282l

. 2869

3531

SIC # Description
2499 Wood Products, NEC
2641 Paper Coating and Glazing
2819, Industrial Inorganic Chemicals, NEC
Plastic Materials, Synthetic Resins, and Non-Vulcanized
‘ Elastomers
2824 synthetic Organic Fibers, Except Cellulosic
2833 Medidinal Chemicals and Botanical Products
2843, Surface Active Agents, Finishing Agents, Sulfunated
' 011 and Assistants
Industrial Organic Chemicals, NEC
2879  Pesticides and Agricultural Chemicals, NEC
3011 Tires and Inner Tubes
3079 Miscellaneous Plastics Products
3229. Pressed and Blown Glass and Glassware, NEC
3299 Non- Mata111c Mineral Products, NEC
3389 Primary Metal Products, NEC
T 3411 Metal Cans
3425 Hand !Saws and Saw Blades
3432 Plumbiing Fixture Fittings and Trim (Brass Goods)
3443 Fabricated Plate Work (Boilar Shops)
3471 Electroplating, Plating, Polishing, Aneodizing and Coloring
3479 Coatiing, Engraving, and Allied Services, NEC
3484 Valves and Pipe Fittings, Except Plumbers' Brass Goods
3496 Miscellaneous Fabricated Wire Products
3499 Fabricated Metal Products, NEC
3523, Farm Machinery and Equipment
Construction Machinery and Equwpment
3532 Mining Machinery and Equipment Except 041 Field Machinery
. and Eguipment
3535 Convelyors and Conveying Eguipment
35449 Metalworking Machinery, NEC
3551 Food Products Machinery
3559 Special Industry Machinery, NEC
3568 Mechanical Power Transmizsion Equipment
3673 Electronic Computing Equipment
3576 Scales and Balances, Except Laboratory
3579 Office Machines, NEC
3586 Measuring and Dispensing Pumps
. 3597 Carburetors, Pistons, Piston Rings, and Valves
13673 Welding Apparatus, Electric
3624 Carbdn and Graphite Products
3679 Electrical Industrial Apparatus, NEC
3643 Current-Carrying Wiring Devices
3574

Semiconductors and Related Devices 0.1

Gellman Research Associates, Inc,



S1C # Description

Y 3693 Rad1onraph1c X- Ray, Fluoroscopic X-Ray, Therapeutic X-Ray,

and Other X-Ray Apparatus and Tubes; Electromedical and
Electrotherapeutic Apparatus

3694 Electrical Equipment for Internai Combustion Enaines
-, 36899 Flectrical Machinery, Equipment, and Supplies, REC
.. 3711 Motor! Vehicles and Passenger Car Bodies
©- 3714 Motor! Vehicle Parts and Accessories
3731 Ship Building and Repairing
. 3751 Motorcycles, Bicycles, and Parts
L 3Bez- Automatic Controls for Regulating Residential and Commercial

. . Environments and Appliances
- 3824 Totalizing Fluid Meters and Counting Devices

3825 Instruments for Measuring and Testing of Electricity and
. Electrical Signals
. 3829 Measuring and Controiling Devices, Not Elsewhere Classified
- 3632 Optical Instruments and Lenses
Co, 3841 Surgical and Medical Instruments and Apparatus

3843 . Dental Equipment and Supp]ies
3851 Opthalmic Goods

- .3861 Photographic Equipment and Supplies

D-2
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51C &

' INNOVATING INQUSTRIES IN P2:
EQTABLISHMENTS INCREASED - EMPLOYMENT DECREASED

Description
2295 Coated Fabrics, Not Rubberized
2822 Synthetic Rubber (Vulcanized Elastomers)
2891 Adhesives and Sealants
2892 Explosives
| 2899 Chemicals and Chemical Preparations, NEC
3255 Clay Refractories
3764 Porcelain Electrical Supplies
. 3281 Cut Stone and 5tone Products
3291 Abrasive Products
3293 Gaskets, Packing, and Sealing Devices
3312 - Blast Furnaces, Steel Works, and Rolling Mills
3313 Electrometallurgical Products
3351 Ro1ling, Drawing, and Extruding of Copper
3452 Bolts, Nuts, Screws, Rivets and Washers
3463 Nonferrous Forgings
3537 Industrial Trucks, Tractors, Trailers, and Stackers
3542 Machine Tools, Metal Forming Types
3545 Machina Tool Accessories and Measuring Devices
3546 Power Driven Hand Tools
3852 Textile Machinery .
3555 Printing Trades Machinery and Lguipment
3562 Ball :and Roller Bearings
3563 Afy and Gas Compressors
3567 Industrial Process Furnaces and Ovens
3569 General Industrial Machinery and Equipment, NEC
3585 Air Conditioning and Warm Air Heating Equipment and Commercial
‘ and ‘Industrial Refrigeration Equipment
- 3el2 Power, Distribution, and Specialty Transformers
3613 Switchgear and Switchboard Apparatus
3621 Motor and Generators
3641 Electric Lamps
3648. Lighting Equipment, NEC
3651 Radio and Television Receiving Sets, Except Communication
- Types
3661 Telephone and Telegraph Apparatus
3667 Radid and Television Transmitting, Signaling, and Detection
‘ Fquipment and Apparatus
3671 Radia and Television Receiving Type Electron Tubes, Except
Cathode Ray
3676 Resistors, for Electronic Applications
3677 Electronic Coils, Transformers, and Other Inductors
3679 Electronic Components, NEC
3715

Truck Trajlers

0-3
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3823

. SIC # | Description
13788 Aircrhft Parts and Auxiliary Equipment, NEC
3811 Engineering, Laboratory, Scientific, and Research Instruments
and Associated Equipment
Industrial Instruments for Measurement, Display, and Control

of Pkocess Variables; and Related Products

D-4
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INNOVATING INDUSTRIES IN P2:
ESTABLISHMENTS DECREASED - EMPLOYMENT INCREASED

©5IC 8 | Description
., l: ] ‘ |
2221 Broad Woven Fabric Mills, Man-Made Fiber and Silk
2395 Pleating, Decorative and Novelty Stitching, and Tucking

- .. . . for the Trade
. 3561 Pumps and Pumping Equipment
3636, Sewing Machines

. 3673 Tranimitting‘, Industrial, and Special Purpose Electron
- Tubgs
3591 Storgoe Batteries

i .
| 0-5
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| INNOVATING INDUSTRIES IN P4:
. ESTABLISHMENTS DEGREAGED - EMPLOYMENT DECREASED

S1C #. i Description

|

© 2052 Bread! and Other Bakery Products, Except Cookies and Crackers
2515 Mattresses and Bedsprings
L 2661 . Building Paper and Building Board Mills

2841 ' Spap and Other Detergents, Except Specialty Cleaners
. 2851 Paints, Varnishes, Lacquers, Enamels, and Allied Products
© 2911 Petroleum Refining
3297 Nonclay Refractories
3321 Gray Iren Foundries

3433 Heating Equipment, Except Electric and Warm Afr Furnaces
3497 Metal Foil and Leaf
E 3541 - Machine Tools, Metal Cutting Types
.. '3554. Paperi Industries Machinery
3574 Calculating and Accounting Machines, Except Electronic

Computing Equipment
3692 Primary Batteries, Dry and Wet
3873 Watches, Clocks, Clockwork Operated Devices, and Parts

+ 3955 Carbob Paper and Inked Ribbons

D-6
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APPENDIX E
ESTABLISHMENT EMPLQYMENT

BY SIZE OF OWNING COMPANY




 Four-Digit
$IC Number
1972

2052

221

2295

2395

- 2499
2515

2641
2661

.. 2819

2821

2822
2624

98332

2841
2543
28561

. 2869

2879
. 2891

' 28922

1

1

3

2

2

289%

2911

23011

3079

3229,

3285
- 3264

3281

3291

1972 EMPLOYMENT IN ESTABLISHMENTS

Total
Employees

41,118
145,515
17,271
16,691
62,967
31,530
38,506
11,992
62,407
55,663
11,780
76,314
8,437
31,416
6,876
65,826
101,721
12,291
14,889
18,204
37,571
100,738
107,455
349,167
45,817
11,269
13,351
15,028
24,487

Employees in
gEstablishments
Owned By Small rirms

_k Number -
21.1 8,676
8.7 12,660
25.0 4,318
79.5 13,269
64.8 40,803
64.6 20,368
23.2 8,933
7.7 923
6.1 3,807
10.7 5,956
:8.3 978
1.7 1,297
30.3 2,556
27.0 8,482
56.3 3,871
42,5 28,042
5.3 5,391
31,2 3,835
38.5 5,736
8.2 1,493
43.8 16,456
4.9 4,936
2.9 3,116
47.8 166,802
13.6 6,231
25.1 2,829
21.1 2,817
81.2 12,203
24.9 6,097



' Four-Digit

“o - §IC Number

_ 1972
3293
3297
3299
3312
133132
3321
3351
3399°
3411°
3425
3432
3433
3443
3452
34631
2471

3479

. 3494
3496

- 3497
3499
3523
3531
3532
3535
3537

. 3541
3542

Continued

Total
Employees

27,707
8,084
6,273

| 469,374
9,495
138,293
37,713
7,800
68,339
6,489
18,354
31,142
94,709
60,007
5,754
54,926
27,362
93,370
33,131
5,571
61,153
104,870
133,794
21,710
27,176
25,838
53,087
25,074

Employees in
Establishments
Owned By Small Firms

35.0
16.5
71.4
1.3
14.1
33.0
10.5
53.6
5.5
39.4
35.8
41.3
43.4
.0
1
4
8
g
8
1
&
0
¢
0
6
5
5
3

33

23.
90,
77.
26,
74,
36.
60,
31.
15,
29.
48,
32.
30.
36.

Number

9,697
1,334
4,479
6,102
1,339
45,633
3,960
4,181
3,759
2,557
6,571
12,867
41,104
19,802
1,329
49,653
91,288
25,117
24,782
2,011
37,059
32,510
20,069
6,296

- 13,208

8,397

116,192

9,102



! . Employees in
! Establishments

Y Four-Digit i ' Owned By Small Firms
- §IC Number : Total
1972 i Employees % . DNumber
- 3545 | 46,278 48.0 22,213
1546 | 22,678 8.5 1,928
- 3549 | 13,541 64.6 8,747
3551 | 31,930 53.5 17,083
3552 : 32,665 38.5 12,576
3554 | 14,920 47.5 7,092
3555 § 23,938 37.4 8,953
3559 ; 72,245 40.8 | 29,476
3561 | 57,879 25.1 14,528
3562 j 51,053 8.4 4,288
38637 ; 21,000 11,7 2,457
3567 | 13,563 43.9 5,954
3568 | 27,522 20.3 5,587
3569 | 36,947 53.4 19,730
3573 } 144,619 14.2 20,536
35747 § 24,431 6.5 1,588
3576 : 6,545 35.5 2,323
3579 | 34,659 16.1 5,580
3585 | 150,830 13.9 20,965
3586 ? 7,241 23.9 1,731
3592 i 26,657 10.0 2,666
36122 16,841 12.0 5,621
3613 | 69,643 14,7 10,238
" 3621 | 90,282 10.5 9,480
3623 | 15,467 33.1 5,120
15242 | 11,322 23.0 2,604
. .3629 | 20,168 34.3 6,918
. 3636 | 5,264 22.5 1,184
36417 | 31,262 - 5,3 1,657
3643 | 49,964 24.3 12,141



qur—Digit
SIC Number
1972
3648
3651
3661
3662
3671
3673
3674
3676
3677
3679
3691
3692
3693
' 3694
3699
- 3711°
3714
3715
3728
3731
3751
3811
3822
38233
3824°
3825
. 3829
3832
3841

1

2

Continued

Total

Employees

12,681
86,722
136,149
318,497
11,441
20,455
87,602
20,510
23,981
112,617
22,122
8,416
11,998
57,611
19,302
340,412
398,747
24,708
102,136
144,583
18,276
37,118
30,652
35,631
8,805
54,891
24,587
18,810
34,497

Employees. in
Establishments
Owned By Small Firms

29.
9.
2.

13.

i2.
16,
52.
36.
11.

24.
13.
61,

27.
14,
11,
19,
37.

17,
22.
28.
29.
42.
26.

%

3
0
B
4
2
3
4
4
0
7
2
5
2
2
3
Q
8
3
7
0
P
0
3
5
3
B
1
8
g8

Number

3,716
7,805
3,540
42,679
938
1,084
10,863
3,364 |
12,470
41,330
2,478
295
2,904
7,605
11,832
3,404
39,077
6,745
15,014
15,904
3,509
13,734
2,851 -
6,235
1,964
15,699
7,155
8,051
9,245



Continued

Employees. in-.

o ; Establishments
S Four-Digit i Owned By Small.Firms
"~ _BIC Number = 7 Total ‘

e 1972 : Employees % ~ Number
2843 | 12,270 15.7 5,607

3851 26.626 31,4 8,361

3861 94,587 10.6 10,026

3873 | 30,919 ©16.9 5,225

3955 ; 5,572 32.9 1,833

1

‘Notes: Data Qithheld for one firm with 250 to 499 employees.
' Firm assumed to have 489 employees,

2hata withheld for two firms with 250 to 499 employees.

Each firm assumed to have 499 employees.

3Data withheld for three firms with 280 to 499 employees,

Fach firm assumed to have 499 employees. '

Source: Speci§1 Report of the U,5. Census Bureau to the U.S. 5mall-
. " Business Administration.



